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 Editorial 
In the Name of Allah, the Most Beneficent, the Most Merciful 
﴾ Have they not then observed the sky above them, how we 
have constructed it and beautified it, and how there are no 
rifts therein? ۞ And the earth have we spread out, and have 
flung firm hills therein, and have caused of every lovely 
kind to grow thereon, ۞ A vision and a reminder for every 
penitent slave.  ۞ And we send down from the sky blessed 
water whereby we give growth unto gardens and the grain of 
crops, ۞ And lofty date palms with ranged clusters, ۞ 
Provision (made) for men; and therewith we quicken a dead 
land. Even so will be the resurrection of the dead. ﴿  
Allah the Most Faithful  
 
(6 – 11. Qaf) 
The Holy Quran 
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  ﻐﺎﺑﺔ اﻟﻤﻘﺮح اﻟﻤﺤﺠﻮزة ﺑﻤﻨﻄﻘﺔ اﻟﺮهﺪﺗﻐﻴﺮ اﻟﻐﻄﺎء اﻟﻨﺒﺎﺗﻰ ﺑﺗﻘﻴﻢ 
  اﻟﺒﺎﻗﺮ اﺑﻮ اﻟﻘﺎﺳﻢ ﻣﺤﻤﺪ ﺑﺸﻴﺮ
  (اﻟﺘﺼﺤﺮ)ﻣﺎﺟﺴﺘﻴﺮ 
ﺗﻐﻴﺮ ﺑﻐﺎﺑﺔ اﻟﻤﻘﺮح اﻟﻤﺤﺠﻮزة ﺑﻤﻨﻄﻘﺔ اﻟﺮهﺪ ﺑﻮﻻﻳﺔ اﻟﻘﻀﺎرف ﻟﺘﻘﻴﻢ  اﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ :اﻟﻤﺴﺘﺨﻠﺺ
اﻋﺘﻤﺪ ﺟﻤﻊ . ﺧﻼت اﻟﻤﺠﺘﻤﻌﺎت اﻟﻨﻨﺎﺗﺞ ﻋﻦ أﺛﺮ اﻻدارة وﺗﺪ ﺑﻐﺎﺑﺔ اﻟﻤﻘﺮح اﻟﻤﺤﺠﻮزة ﺸﺠﺮىاﻟﻐﻄﺎء اﻟ
م ﺑﺎﻻ ﺿﺔ اﻟﻰ 8002و   0002و  7891اﻟﻤﻌﻠﻮﻣﺎت ﻟﻬﺬﻩ اﻟﺪراﺳﺔ ﻋﻠﻰ ﺻﻮر اﻷﻗﻤﺎر اﻟﺼﻨﺎﻋﻴﺔ ﻟﻸﻋﻮام 
 ﺣﻠﻠﺖ هﺬﻩ اﻟﻤﻌﻠﻮﻣﺎت . اﻟﻤﻘﺎﺑﻼت اﻟﺸﺨﺼﻴﺔ ﻣﻊ اﻟﺠﻬﺎت ذات اﻟﺼﻠﺔ  واﻻﺳﺘﺒﻴﺎﻧﺎت  واﻟﻤﻠﻔﺎت اﻟﺨﺎﺻﺔ ﺑﺎﻟﻐﺎﺑﺔ
ﻟﺘﻮﺿﻴﺢ  SDAREﻮر اﻷﻗﻤﺎر اﻟﺼﻨﺎﻋﻴﺔ ﺑﻮاﺳﻄﺔ ﺑﺮﻧﺎﻣﺞ ﺣﻠﻠﺖ ﺻ. ﺑﻌﺪة ﺑﺮاﻣﺞ ﺗﺘﻨﺎﺳﺐ ﻣﻊ ﻧﻮع اﻟﻤﻌﻠﻮﻣﺔ 
ﺗﻐﻴﺮات اﻟﻐﻄﺎء اﻟﺸﺠﺮى اﻟﺬى ﻃﺮأ ﻋﺒﺮ اﻟﺴﻨﻮات اﻟﻤﺤﺪدة وﺗﺤﺪﻳﺪ ﻓﺌﺎت اﺳﺘﺨﺪام اﻷرض واﻟﺘﺤﻮﻻت 
ﻟﻤﻌﺮﻓﺔ ﻣﺪي ﺗﺄﺛﻴﺮ اﻟﻤﺠﺘﻤﻌﺎت ﻋﻠﻲ   SSPSواﻟﻤﻌﻠﻮﻣﺎت اﻻﺟﺘﻤﺎﻋﻴﺔ ﺣﻠﻠﺖ ﺑﻮاﺳﻄﺔ ﺑﺮﻧﺎﻣﺞ  .اﻟﻤﺼﺎﺣﺒﺔ
ﺖ ﻧﺘﺎﺋﺞ هﺬﻩ اﻟﺪراﺳﺔ وﺟﻮد ﻣﻌﺪﻻت ﻋﺎﻟﻴﺔ ﻹزاﻟﺔ اﻟﻐﺎﺑﺔ  و اﻷﺷﺠﺎر أوﺿﺤ.  ﺗﻐﻴﺮات اﻟﻐﻄﺎء اﻟﺸﺠﺮى ﺑﺎﻟﻐﺎﺑﺔ
م ﻳﻨﺘﺞ ﻋﻨﻬﺎ ﺗﺤﻮﻳﻞ اﻟﻐﺎﺑﺎت اﻟﻰ أراﺿﻲ  زراﻋﻴﺔ وأراﺿﻲ ﺧﺎﻟﻴﺔ  8002 – 7891اﻟﻤﺘﻔﺮﻗﺔ ﺧﻼل اﻟﻔﺘﺮة 
اﻻ أن  8002   -  4991وﻋﻠﻰ اﻟﺮﻏﻢ ﻣﻦ أن اﺳﺘﺰراع اﻷﺷﺠﺎر آﺎن ﻣﺘﻮاﺻًﻼ ﺧﻼل اﻟﻔﺘﺮة  . وأﺷﺠﺎر ﻣﺘﻔﺮﻗﺔ
ﻤﺎر اﻟﺼﻨﺎﻋﻴﺔ أوﺿﺤﺖ وﺟﻮد ﻓﺮاﻏﺎت ﺑﺎﻟﻐﺎﺑﺔ ﻧﺎﺗﺠﺔ ﻋﻦ اﻟﺘﻮﺳﻊ اﻟﺰراﻋﻰ ﺟﻌﻠﺖ هﻨﺎك اﺧﺘﻼف ﺻﻮر اﻷﻗ
ﻓﻴﻤﺎ ﻳﺘﻌﻠﻖ ﺑﻤﺴﺎﺣﺔ اﻟﻐﺎﺑﺎب اﻟﻤﺰروﻋﺔ آﻤﺎ ﺑﺎﻟﺴﺠﻼت وﻣﺎ هﻮ ﺣﻘﻴﻘﻲ اﻷﻣﺮ اﻟﺬى أﺑﺮز أهﻤﻴﺔ ﻣﺮاﺟﻌﺔ 
ﻟﻐﺎﺑﺎت ﻣﻦ وﻗﺪ اﻧﻌﻜﺲ أﺛﺮ وﺟﻮد اﻟﻤﺠﺘﻤﻌﺎت اﻟﺴﻜﺎﻧﻴﺔ  ﻋﻠﻰ اﺣﺪاث هﺬﻩ اﻟﻔﺮاﻏﺎت اﺿﺎﻓﺔ ﻻزاﻟﺔ ا.  اﻟﺴﺠﻼت
ﻣﻦ  ﻣﻌﺎدل اﻟﻮﻗﻮد اﻟﻤﺴﺘﺨﺪم وﻳﺘﻢ ﺟﻤﻌﻪ ﻣﻦ % 07ﻳﻤﺜﻞ اﺳﺘﻬﻼك اﻟﻮﻗﻮد .  أﺟﻞ اﻻﺳﺘﺨﺪام اﻟﺰراﻋﻰ  ﻧﺘﻴﺠﺔ
وﻗﺪ دﻟﺖ . وأﻏﻠﺐ اﻟﺴﻜﺎن ﻻﻳﻤﻠﻜﻮن أراﺿﻰ  وﻳﻌﺘﻤﺪون ﻋﻠﻰ ﻧﻈﺎﻓﺔ اﻷراﺿﻰ ﻟﻠﺰراﻋﺔ داﺧﻞ اﻟﻐﺎﺑﺔ.  اﻟﻐﺎﺑﺔ
ان ﻏﻴﺎب اﻹدارة اﻟﺴﻠﻴﻤﺔ . ﻃﺮﺿﻴﺔ ﻋﻜﺴﻴﺔ اﻟﻨﺘﺎﺋﺞ ان ﺗﻐﻴﺮ اﻟﻐﻄﺎء اﻟﺸﺠﺮى ﻳﺮﺗﺒﻂ ﺑﺎﻟﺘﻮﺳﻊ اﻟﺰراﻋﻰ ﺑﻌﻼﻗﺔ
وﻗﺪ ﺗﻢ ﺑﻴﺎن . ﻟﻠﻌﻤﻠﻴﺎت وﻋﺪم وﺟﻮد ﻣﺘﺎﺑﻌﺔ ﻟﺘﻐﻴﺮ اﻟﻐﻄﺎء اﻟﺸﺠﺮي  ﻗﺪ ﻳﻨﺘﺞ ﻋﻨﻬﺎ اﻧﻌﺪام اﻟﺜﻘﺔ ﺑﺴﺠﻼت اﻟﻐﺎﺑﺎت
ذﻟﻚ ﻋﺒﺮ اﻟﻔﺮق اﻟﻤﻮﺟﻮد ﺑﻴﻦ ﻣﺴﺎﺣﺔ اﻟﻐﺎﺑﺎت اﻟﻤﺴﺠﻠﺔ وﺗﻠﻚ اﻟﺘﻰ ﺗﻢ ﻣﺴﺤﻬﺎ ﺑﻮﺳﺎﺋﻞ اﻟﺤﺼﺮ اﻷرﺿﻰ وﻋﺒﺮ 
ﺑﻘﺖ ﻧﺘﺎﺋﺞ اﻟﻤﺴﺢ اﻷرﺿﻰ وﻋﺒﺮ اﻻﺳﺘﺸﻌﺎر ﻋﻦ ﺑﻌﺪ ﺑﻴﻨﻤﺎ اﺧﺘﻠﻔﺖ ﻋﻨﻬﻤﺎ أرﻗﺎم وﻗﺪ ﺗﻄﺎ. اﻻﺳﺘﺸﻌﺎر ﻋﻦ ﺑﻌﺪ
ﻟﺬﻟﻚ أوﺻﺖ اﻟﺪراﺳﺔ ﺑﻮﺿﻊ ﺧﻄﺔ ﻹدارة ﻓﻌﺎﻟﺔ  اﻋﺘﻤﺎدًا ﻋﻠﻰ اﻟﺤﺼﺮ اﻟﻤﺘﺘﺎﻟﻰ واﺳﺘﺨﺪام . اﻟﺴﺠﻼت
آﻤﺎ أوﺻﺖ اﻟﺪراﺳﺔ ﺑﻮﺿﻊ .  اﻻﺳﺘﺸﻌﺎر ﻋﻦ ﺑﻌﺪ ﺣﺘﻰ ﻳﺘﺴﻨﻰ ﺗﺤﻘﻴﻖ اﻟﺘﻨﻤﻴﺔ اﻟﻤﺴﺘﺪاﻣﺔ واﻟﺤﻔﺎظ ﻋﻠﻲ اﻟﻐﺎﺑﺎت
  .  إﺳﺘﺮاﺗﻴﺠﻴﺔ ﻹﺷﺮاك اﻟﺴﻜﺎن ﺑﺎﻟﻤﻨﻄﻘﺔ ﻓﻰ ادارة اﻟﻐﺎﺑﺎت ﻋﻠﻰ ﻧﻬﺞ اﻟﺘﻌﺎون وذﻟﻚ ﻟﺘﺤﻘﻴﻖ اﻷهﺪاف اﻟﻤﺸﺘﺮآﺔ
 English Abstract 
Evaluation of forest cover changes of Elmigrih Forest 
Reserve in Elrahad Area 
Albager Abo Algasim Mohammed Basheer 
Master of Science (Desertification) 
Abstract: The present study was carried out at Elmigrih Forest Reserved in 
Elrahad Area, Gadarif State to evaluate the forest cover changes as a result in 
management interactions and communities’ interference. The data collected was 
based on remote sensing images for the years 1987, 2000 and 2008 in addition to 
interviews with relevant actors and archive records. Analyses were carried out 
using several programs corresponding to the type of information. The satellite 
images analyses were developed using ERADS program to illustrate the forest 
cover changes that occurred over the specified period and to develop categories of 
land use types and their dynamic changes. The social information was analyzed 
using SPSS program to determine the impact of communities on the forest 
changes. The results showed that high rates of forest clearance and removal of 
trees occurred during the period 1987 – 2008 as a result of agriculture 
encroachment resulting in forest conversion to bare lands and scattered trees. 
Although tree planting was continuous during the period 1994 – 2008, the remote 
sensing images indicated that gaps were created resulting in discrepancies 
between recorded and actual areas. Records updating has been shown to become 
necessary. The impact of the people living inside the forest was reflected in 
creation of such gaps in addition to forests conversion to agricultural use.  The 
consumption of wood fuel represents 70% of the fuel used and was obtained from 
the forest. The majority of the population is landless and they rely on the clearing 
areas inside the forest for agricultural use.  The results indicated that the dynamic 
changes in forest cover were related to agricultural land changes in inverse 
proportion. Lack of sound management and monitoring of the forest cover may 
result in unreliable records. That has been demonstrated by the differences in 
areas of forest plantation based on plantation record and areas obtained by 
satellite images and ground inventory. Application of the latter two methods gave 
compatible results while the record showed different values. The study 
recommended that the forest should be managed by effective management 
approach based on successive inventories and remote sensing applications in 
order to attain sustainable development and conservation of the forest. Also the 
study recommended development of a strategy to involve the local people in the 
forest management on collaborative approach to attain mutual benefits.  
 Chapter I   
Introduction 
 
1.1 General 
Sudan is the largest country in Africa and the ninth in the world with an area of 
about 2.5 million square kilometers (about 1.0 million square miles). It is 
bounded on the east by Red Sea and on the other sides by nine African countries, 
Eritrea, Ethiopia, Kenya, Uganda, Zaire (recently Republic of Kongo), Central 
Republic of Africa, Chad, Libya, and Egypt. It is administratively divided into 26 
states, which are subdivided into 104 localities. The population of the Sudan is 
over 39 million. 
 
It exhibits a wide range of variation in its topography, climate, soil and 
hydrology. These variable characteristics are reflected in Sudan's diverse 
ecological habitats, vegetation zones and consequently rich flora. 
 
1.2 Forest Cover 
Total world forest area is estimated at 3.9 billion hectares representing 29.6% of 
the land mass 13.1 billion hectares and Africa's forest share is 649.9 million 
hectares (Appendix 1). For Sudan, the estimated forest area is 67.4 million 
hectares, out of a land area of 237.6 million hectares, representing 28.0% (FAO 
2005). Per capita areas are 2.1, 0.8 and 0.6 hectares, for Sudan, Africa and world 
respectively. 
 
Forest plantations amounted to 186.7 million hectares world wide, with an annual 
change of –9.3 million hectares and an annual rate of change of –0.2 % while the 
figures for Africa are 8.04 million hectares forest plantations, –5.3 million 
hectares annual change and –0.8% annual rate of change. For Sudan the 
 corresponding figures are 64000 hectares plantations with –1.4% annual rate of 
change (FAO 2005). 
 
There is a fast rate of forest resources depletion especially in developing 
countries. In Sudan and in developing countries forest land is systematically 
cleared for agriculture, residential settlement and infrastructures associated with 
development projects. In addition, wars and conflicts together with insufficient 
reforestation led to diminution of forest cover (FAO 2006). 
 
The forest resources in Sudan have recently faced a number of destructive factors 
while the reservation process was slow. These factors include the world economic 
recession and oil crisis of 1973 by which Sudan was seriously affected; the long 
drought periods which hit the country during the last twenty years; the rising 
human and animal populations which increased the need for fuel wood and 
grazing, and finally the massive expansion of agricultural areas under mechanized   
farming (Eldool 1988). All these factors contributed directly or indirectly to 
accelerating the rate of deforestation and forest deterioration, degradation, 
destruction, and ultimately resulted in desertification and deterioration of the 
environment. 
 
 The diversity of the climatic conditions and threat of desert creep in the Sudan 
indicate the fragility of the environmental conditions. At local levels particularly 
inside and surrounding of individual forest reserves, deforestation for agriculture 
is noticeable and have serious impacts on people life. An example can be 
provided in the case of Elmigrih forest reserve. Agriculture and settlement are 
practiced inside and in the surrounding of the forest. 
 
However, mitigation of the impacts of forest conversion is made possible by 
collaboration between formal institutes and local people in addition to support 
 provided by organizations. These effects could be measured as annual 
afforestation and protection. The approach of forest rehabilitation included 
institutions such as the Forest National Corporation (FNC), the United Nations 
Higher Commission for Refugees (UNHCR), the nomads and the sedentary    
agro-pastoralists. 
 
1.3 Forests in Gadarif State  
Gadarif represents an important State in the Sudan ecological perspective as it 
extends in eastern Sudan covering different ecological zones. Its geographical 
position makes refugee flux of significance in relation to ecological management. 
 
1.3.1 The Forests and Refugees in Gadarif                 
Forests in Gadarif State approximate 1.1 million hectares representing 15% of the 
state area (Gadarif FNC 2002). The forest cover was subjected to severe depletion 
in the last four decades due to agricultural expansion and felling for fuel wood. 
The fuel consumption was estimated as 566458 m³ in the state for the year 1995 
(Abdel Nour 1995). 
 
Sudan has received across its borders massive waves of refugees fleeing from 
civil wars and other natural calamities in the neighboring countries, particularly 
the eastern region. For the last three decades eastern Sudan (Gadarif and Kassala 
States) has hosted refugees from Eritrea, Ethiopia and Somalia. The refugees 
population reached 1.1 million. They arrived on a large scale between 1967 and 
1985. Approximately 45% are pastoral nomads, 35% are small farmers and the 
remaining 20% are semi-nomads. On arrival, the refugees were placed by the 
government authorities in cooperation with the United Nations Higher 
Commission for Refugees (UNHCR) in temporary camps outside Sudanese 
 villages. This arrangement has almost doubled the existing numbers of people in 
each location. 
 
 The problem of natural resources misuse and extensive environment degradation 
as a negative impact of refugees living in the area is evident. The pressure exerted 
on the limited natural and other resources and social services in and around the 
refugee camps and adjacent to villages was highly pronounced. The result is 
intensive removal of the natural vegetation leading to soil erosion, which has 
resulted in environmental degradation. This continuous deterioration of the 
productive land around the refugee camps and the adjacent Sudanese villages 
forced the people and their livestock to travel long distances away from their 
camps and villages in order to cultivate the land and to search for grazing land 
and browsing trees. 
 
In recent years the Government of Sudan (GOS) and UNHCR paid attention to 
the problems and suffering of refugees and nationals living in the affected areas. 
Sudan’s concern for natural resources conservation and environment protection 
has been demonstrated by various actions, which included creation of 
environmental authorities, development of extensive environmental laws and 
commitment to regional and international treaties.  
 
In order to address environmental degradation caused by the long presence of 
refugees and alleviate the suffering of the people in the refugee camps and 
adjacent Sudanese villages the Government of Sudan represented by Commission 
Of Refugees (COR) cooperated with UNHCR and Forests National Corporation 
(FNC) in delineating and implementing practical measures to arrest and 
eventually reverse the damage and deterioration of the natural resources. To 
address these problems different environmental projects had been formulated to 
 involve refugees and local communities to participate in the rehabilitation and 
management of the natural environment. 
 
The aim of these projects is to promote environment by friendly activities through 
the provision of fuel wood, building materials and fodder to refugees and local 
communities around refugee settlements and to approach improvement and 
rehabilitation of the natural environment, consolidation and maintenance of 
previous establishments. These projects have strategies of involving the 
beneficiaries in managing their land by approaching intercropping (Agroforestry). 
The approach adopted awareness rising in order to encourage participation to 
adopt land rehabilitation. Therefore, demonstration of environmental approaches 
project was designed in 1997 in refugee camp and adjacent village. In 1999, the 
project was extended to other areas. The over all objective of the projects was to 
reduce the current level of environmental degradation by demonstrating 
appropriate techniques that could contribute to the rehabilitation of the sites. In 
these approaches, Elmigrih natural forest reserve (32965.38 hectares) has been 
included. 
  
1.3.2 Elmigrih Forest Reserve  
Elmigrih Forest is located in the dry land zone in Elgadarif State, in north eastern 
part of Elrahad River. It is a natural forest composed mainly of natural Kitir trees 
(Acacia mellifera). Its reservation aimed at increasing tree cover, increase forest 
productivity and combating desertification. Its reforestation started in 1994, 
funded by United Nations Higher Commission for Refugees (UNHCR) in 
partnership with are Forests National Corporation (FNC) and participation of 
local community and refugees. 
 
The forest is important in livelihood of local community (nomadic groups and 
villages around the forest) and for provision of forest products and fodder. The 
 forest has special importance in solving environmental problems such as drought, 
desertification and biodiversity conservation. The forest management of Elmigrih 
aim is production, protection, recreation and multipurpose, it is necessary that 
expansion of trees cover is considered as an objective. 
  
1.4 Justification   
The study will look into gaps in research with respect to environmental impacts of 
trees and forests in dry lands and the role of community participatory in forest 
cover improvement. The study also gathers information about forest reserves 
management in the area available. This will contribute in solving the problem 
that. There is limited knowledge on dry land environmental protection as based 
on forest reservation. The study may expose several environmental problems and 
may contribute to provision of relevant solutions based on people awareness. 
 
Problems such as desertification, drought and depletion of biodiversity are issues 
that require links between human activities and interventions in dry lands areas 
where nomads provide coping systems related to forest reserves use and 
protection.     
 
1.5 Objectives of this Study 
       The objectives of the present study are included in: 
• Detection of the impacts of vegetative cover on the environmental system.  
• Evaluate knowledge in the relationship between nomadic system and 
sedentary people practices in the area. 
• Detect the impacts of nomads and local people practices on the reserved 
forest. 
• Increase knowledge about the role of governmental and nongovernmental 
community organizations in stability of social and ecological systems. 
 • Know tree species role in livelihood support in the area. 
• Suggest ways of encouraging and expanding trees planting in the area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Chapter II 
Literature Review 
 
2.1 Ecological Classification of the Sudan 
The combination of rainfall and soil texture determines the distribution of the 
vegetation in the Sudan (Smith 1949; Harrison and Jackson 1958). Ecologically 
the Sudan can be classified into five main vegetation zones. The description 
provided by Harrison and Jackson (1958) has been reviewed and provided in 
various text (Bayumi et al 1984; Elsiddig 2007; Elsiddig et al 2007). 
 
The rainfall limits of the five zones were described by Harrison and Jackson as 
shown in table (2.1) while many references indicated the shifts of these zones 
limits towards the southeasterly direction associated with isohyets shifts (ILO 
1984; NDDU 1998). The semi-desert zone is reported to exhibit wider losses of 
its lands and habitats as a result of these shifts (Elhag 1984; IPCC 2001).  
   
Table (2.1): Sudan’s Ecological Zones 
Ecological zones Rainfall (mm) Area (1000 km²) 
Desert 0 – 75 716.8 
Semi-desert 75 – 300 486.4 
Low rainfall woodland savanna 300 – 900 680.9 
High rainfall woodland savanna 900 – 1300 34.4 
Flood region 800 – 1000 243.2 
Mountain region 800 – 1000 6.4 
Total area 1,528 
Source: Harrison and Jackson 1958 
 
 
 2.1.1 The Desert Region 
The desert occupies about 29% of the area of the Sudan and is characterized by 
both high temperature and low rainfall for most part of the year. The tree and 
plant association is scarce and in most cases   non-existent except along water 
courses and wadis. Vegetation is limited to xerophytic shrubs, herbs and other 
short lived grasses which spring up after the rain showers. Sporadic plant 
communities of the area include Acacia enhrenbergiana (Hayne),            
Capparis decidua and Fegonis cretica which are found mainly along the River 
Nile. 
 
2.1.2 The Semi-desert Region   
The semi-desert zone covers about 19% of the land area of the Sudan with rainfall 
in this zone in the range of 75 – 300 mm per annum. The rainfall is confined to 
the months of July – August. The vegetation comprises what is termed as desert 
shrubs and woodland. Trees are usually associated with grasses such as     
Aristide spp, Sorghum spp and herbs. The study area falls in this zone. 
 
2.1.3 Low Rainfall Woodland Savanna 
This zone lies within the rain belts between 300 to 600 mm per annum and covers 
about 27% of the total area of the Sudan. The vegetation type is mainly of short 
thorny trees of mixed Acacia spp and Balanites aegyptiaca. Grasses such as 
Cymbopogon nervaluws,   Ergatus spp and Cyperus spp are common. 
 
2.1.4 High Rainfall Woodland Savanna 
In this zone, annual rainfall lies between 600 to 900 mm per annum. The zone 
covers about 14% of the area of Sudan and occurs mainly in the southern region 
of Equatoria and Baher Algazal. 
 
 2.1.5 Other Vegetation Types 
This comprises 11% of the country's area and can be classified into: 
 
2.1.5.1 Gallery Forests 
These are modified tropical forest types which have been derived                  
from the rain forests and are rather confined to valleys and stream banks covering 
nearly 10% of the country's area. The main tree species include Cola cordifaline, 
Zyzigium  guinensis and Mitragyna  stipulosa. 
 
2.1.5.2 Monotane Vegetation   
The monotane vegetation covers about 1% of the country's area.                  
These are found in the Imatong mountains, Acholi range of hills and Jebel Mara 
(Elsiddig 2007). 
 
2.2 Forests in the Sudan 
The estimated forest area of the Sudan is approximately 67.6 million hectares out 
of a land area of 237.6 million hectares representing 28% of that area (FAO 
2005). Generally, there is a fast rate of depletion of forest cover with an annual 
rate of negative change –1.4% (Elsiddig 1999; Daak 2007), compared to –0.8% 
annual rate of change for Africa and –0.2% for the whole world. This necessitates 
a large increase in forest recovery to satisfy a growing demand for wood products 
to reduce the stress on natural forest-ecosystems and to sequester atmospheric 
carbon and conserve the environment. 
 
2.2.1 Forest Policy of the Sudan 
The main feature of the Sudan forest policy and forestry development early in the 
20th century was the exploitation of the natural forest resources rather than 
afforestation, except for few Acacia nilotica plantations established along the 
 Blue Nile. This trend made a major contribution to the destruction of the natural 
forests and woodland of the dry zone and a large proportion of the savanna region 
where vast areas were cleared annually for fuel-wood production or allocation of 
the land for cultivation. Foggie (1967) estimated that areas of 35 – 40 thousand 
feddans were cleared annually in the savanna region. At present nearly 0.459 
million hectares are cleared for charcoal production and for mechanized farming 
in the central region (Elsiddig 1999). 
 
However, the danger of such a policy was soon felt particularly when the 
diversity of climatic conditions, the threat of desert creep and scarcity of         
fuel-wood were recognized (Elsiddig 1980). Various measures of natural 
resources conservation and natural forest protection were then proposed and 
reflected in the national plans of forest reservation, (Sudan Forest Dept. Annual 
Report, 1951/52 – 1969/70). The Comprehensive National Strategy (CNS 1992 – 
2002) and that of 2003 – 2027 focused on reservation of 15% and 25% of Sudan 
area respectively in order to increase the forests and range for domestic and 
wildlife use. 
 
The Forest National Corporation is presently planning to take a wide range of 
measures to halt the increasing rate of natural resources depletion and reduce the 
deforestation rates through reservation and afforestation programs. Presently the 
forest reserves area reached 14.0 million hectare (4.5% of Sudan Area) and the 
area reserved for wildlife approximates 11.5 million hectares (4.0% of Sudan 
Area). 
 
The long term policy of the reservation scheme has its major objectives of 
bringing 25% of the total area of the Sudan under permanent forest reserves to 
insure adequate protection of natural resources and sustainable timber supplies 
that cope with the policy of the comprehensive national strategies. Moreover, 
 participation of rural communities is considered in the afforestation programs 
either inside community forest reserves or inside government forest reserves 
(Elsiddig and Magid 2003). Also, allocation of a minimum of 10% of mechanized 
schemes for forestry is becoming a firm policy. Forest land in the Sudan, has 
decreased very much, but the efforts of the FNC are directed towards 
compensation of the losses. Natural forests areas are increased through communal 
participation, mechanized farming and plantation. 
 
2.2.2 Forest Inventory of the Sudan      
It is understood that continuous resource assessment would contribute very much 
to understanding the situation of forest cover and in implementation of forest 
policy. Forest Product Consumption Study (1994) and the National Forest 
Inventory (1995 – 1997) were conducted to help in solving the problem of 
resource assessment. The current requirements for fuel from the forest are placing 
a large pressure on the resource (Anonymous 1994). The primary purpose of the 
National Forest Inventory (1995 – 1997) is to provide species, area and volume 
statistics to facilitate policy statement and planning of management of forests 
whether reserves or outside reserves at local, regional and national levels.  
 
2.2.3 Importance of Resource Assessment 
The Sudan population is increasing and so is the demand for improved standards 
of living. Both of these trends entail increasing demand for natural resources 
products, particularly forests and agricultural lands. Protection of these resources 
becomes more and more important, if there is to be sufficient wood raw material 
to satisfy the ever increasing demand of the increasing population. Forests are 
important not only as a source of wood, but as a means of protection as well as 
production of non-wood material to support livelihood (Elsiddig 2003, 2007). In 
order to obtain maximum advantage of the benefits of the forests, it is essential to 
manage them properly (Gutbi 1998). Good forest management depends on the 
 quantity and quality of information available on the forest and all the contents. 
Such information is obtained from efficient and effective forest inventories 
(Osmaston 1968). 
 
National forest inventories provide information for the formulation, revision and 
control of the programs for forestry development, on both the national and 
regional levels. Some European countries have gained the longest experience in 
their inventories. In inventory planning, it is necessary to consider at early stage, 
the kind of information by those using the results in order to save time and money 
(Husch 1971). 
 
This idea has led to reconsideration and revision of the objectives of national and 
local inventories in the Sudan. Multidisciplinary resource assessment and 
management has recently become a national issue which is believed to contribute 
significantly to reduction of inventory cost as well as provision of comprehensive 
data base. In 1992 the national inventory was planned and executed in 
coordination between multi-disciplines including the Forest National Corporation, 
Range Dept, Soil Conservation Dept and Survey Dept pooling their approved 
budgets allocation to resource assessment. Inventories at the level of small tract, 
or stands provide the basis for working plans preparation.  
 
However, efficient and effective inventories depend on efficient inventory designs 
(Loetsch et al. 1973). Various components, of the design have their share in the 
inventory efficiency. The reconnaissance survey, sample plot size and shape are 
among these components (Husch et al 1972). 
 
In the present study at local level of Elimgrih forest reserve and its surrounding, 
multi-disciplinary data included the forest with its boundary, the nomads, 
 sedentary pastoralists, inventory of the forest and people questionnaires in order 
to obtain comprehensive data on forests and forest use.  
 
2.3 Forest Management in the Sudan  
The management of the natural forests is not based on a sustainable system as it is 
following a state of mining for wood fuel production in order to minimize the 
pressure exerted from various users, including mechanized farming that has 
caused the largest absolute damage to the forested area of the Sudan (Elsiddig et 
al 2008). At present, vast areas are completely bare of vegetation cover, except 
for isolated scattered natural under-stocked forests outside the reserves. Rural 
people living around those forests are exerting unbearable pressure on these 
forests in spite of guarding and patrolling practices (Elsiddig et al 1998). 
 
The increasing demand for domestic fuel and timber increase deforestation and 
forest degradation. As a result the forests authorities felt the need for 
rehabilitation of the existing forests and establishment of forest plantation 
(Elsiddig et al 2007). This will help in preventing further degradation of natural 
tree cover in the country. The magnitude of deforestation in the country has been 
intensified for long time. Part of this destruction might be natural, but for a large 
extent it is a manmade disaster, that resulted from lack of integrated approaches in 
agricultural schemes together with other factors such as customary constraint such 
as land tenure systems and favoring of growth in herd size (Atampugre et al 
1991). 
 
Ahmed (1989) stated that the northern part of the Sudan has about 43% of the 
forest resources while 73% of the country’s population is within this part. Due to 
the high concentration of the population in the north and their practices, the forest 
resources have been exploited without securing regeneration and hence they 
suffer from an annual off-take which is far beyond the sustainable yields. The 
 distribution of both population and forest resources are not compatible with the 
rational use of resource and severe depletion of forest resources has taken place in 
the most densely populated areas in the north. Depletion of forest resources has 
also taken place as a result of charcoal making for populated centers. According 
to World Bank (1986), deforestation can be attributed, partly to the clearing of 
land for cultivation and partly to the felling of trees for fuel-wood. Such practices 
strengthen other processes of dry land degradation. Soil becomes less protected 
against the impact of wind, sun and rainfall when tree cover is reduced. 
 
In the Sudan the deforestation is not caused only by energy needs, but by 
agricultural practices as well. Large areas have been cleared from trees due to 
horizontal expansion of agricultural mechanized schemes counter-balance the 
decline in the productivity per unit area. This is especially so when the farming 
system is tied to cash economy (Mohammed and Elsheikh 1983). Since the time 
when the reservation of the natural forests started, not a single reserved forest has 
been put under proper management, with the exception of the forest reserves 
along the banks of the Blue Nile River and its tributaries (Abdalla 2007). All the 
management activities executed within the natural forest reserves on the clay 
plains of the dry lands are contained in the forest legislation and are mainly 
concerned with protection and patrolling exercised by the forest guards (Elsiddig 
1999). 
 
In natural ecosystems the nutrients released by plant litter are rapidly used by 
living plant tissues and become locked up in the biomass for the most of the 
forest's life. When a forest canopy is cleared and burnt, the nutrients are released, 
but the soil fertility is short-lived. Loss of vegetation cover, therefore, accelerates 
soil loss (Elsiddig et al 2007). Furthermore, the removal of soil cover from water 
catchments increases flood risk. The present trend of over-exploitation and 
mismanagement of forest resources can be reversed if the remaining forestlands 
 are protected and the forest cover replaced where possible (Glover 2005). 
Although afforestation programs have been attempted in several areas of Sudan, 
yet the practice is limited and did not succeed in restoring the ecological stability 
that existed when there was natural forest cover (Lanly 1982). The Sudan derives 
more than 75% of its energy requirement from fuel-wood estimated at 22 million 
m³ per year. This is equivalent to about 400 million Acacia trees being uprooted 
annually for rain fed cropping (UNEP 1999). This large volume of tree felling for 
fuel has never been based on management plans. 
 
The concern of the protection of the natural forest resources in the Sudan started 
as early as 1908, when the first legislative measure was introduced for the 
creation of the forest reserves with the aim of conserving the natural forests and 
the supply of forest products for public purposes (Hummer 1982). According to 
Eldool (1995), the first attempt to manage natural forests in the Sudan was made 
in 1968, when six natural forests in the Blue Nile province were incorporated in a 
management plan. 
 
Elsiddig and Hetherington (1984) stated that the main feature of Sudan forest 
policy and forestry development prior to World War II was the exploitation of the 
natural forest reserves rather than afforestation and management, except for Sunt 
plantations established along the Blue Nile. However, the World Bank (1985) and 
Elsiddig et al (2007) in the forest sector review focused on the need for 
management planning of forests in order to approach sustainable system. 
Elmigrih forest reserve is one of the few forest reserves that are concerned with 
developing tree cover based on plans in order to reach a fully stocked resource. 
 
2.4 Desertification in the Sudan 
The dry land (arid and semi-arid) areas with less than 200 mm rainfall covers 
approximately 50% of the country area (1.25 million square kilometers) 
 constituting the largest area of dry land in Africa (Ayoub 1998). The total area of 
the desert region is 72.5 million hectare or 29% of the area of the Sudan, while 
the area of semi-arid region is approximately 49.1 million hectare or 19.6% of the 
area of the country (Ibrahim 1981), as was estimated with the aid of geographical 
information system (Elkhidir 1998). Desertification is one of the major 
environmental problems of concern to Sudan. The areas affected with 
desertification in the Sudan are located between latitude (10º – 18º) north 
occurring in 13 states of the country. Sudan's arid and semi-arid ecological 
distribution is mainly influenced by climatic factors including the total amount 
and distribution of rainfall (Harrison and Jackson 1958). Soil type, topography 
and elevation also affect and determine the degree of desertification to a more 
limited extent (USAID 1987). 
 
As the control of natural factors is rather difficult if not impossible, high global 
attention was given to address human factors. The fact that many scientists 
believe that desertification is mainly attributable to human activities, has most 
probably led the Sudan soil conservation committee in 1944 to reach a main 
conclusion. There was very strong evidence that the climate of today with its 
normal variation has undergone no basic changes for better or worse since the 
close of final major wet phase and it concluded that soil degradation and 
desertification that has occurred in 1944 and which will still be occurring are 
mainly attributed to general land misuse rather than climatic changes (HCENR 
1999). 
 
The most destructive features of human activities in the Sudan, which are leading 
to natural resources degradation and causing desertification include: overgrazing, 
lowering of water table due to increased water use, in addition to misuse of 
grassland and deforestation (DECARP 1976). Overgrazing has broken down the 
dynamic equilibrium that once existed between livestock and the natural grazing 
 resources, causing desert or rangeland dominated by ephemeral annuals. 
Vegetation is harvested and grass is uprooted as feed for animals and for human 
consumption. It has been estimated that approximately five hundred and forty 
eight million of acacia shrubs are used, just for cooking every year (DECARP 
1976). 
 
Fire destroys both forage and tree species and also contributes to desert 
encroachment. In many cases burning is introduced with the idea that it increases 
grass palatability. Overpopulation of human and domestic animals and over 
cultivation also caused the lowering of water tables in surface and deep wells and 
contributes greatly to desert encroachment. 
 
The natural forests resources have almost been depleted (Casey and Muir 1986). 
Forest resources of the Sudan are shrinking at an average annual rate of nearly 
500,000 hectares (FAO 1993). The clearance is primarily for cropping and has 
rendered vast areas treeless in central and northern Sudan, where soil erosion is 
the main problem. The long-term effect of soil erosion is manifested in the 
decline of crop productivity, range land and forest regeneration. According to 
FAO (1993), deforestation is about 500 thousands hectares/year (1.1% of total 
forest area) and according to Brown and Wolf (1985), only 3.5% of the deforested 
area is being reforested annually. In addition to the main causes of deforestation 
cited above, the absence of clear land-use planning system and forest 
management and polices are important factors in increasing deforestation. 
 
Reforestation and forest protection policies throughout the last two decades have 
lagged behind the level needed to ensure that the forest capital is maintained. 
Steady deforestation that has occurred over the last twenty years under the 
combined effects of agricultural encroachment, fuel wood harvesting, and over 
grazing has reduced the forest area by 20% and has been a contributory cause of 
 accelerated desertification (World Bank 1986; Ministry of Agriculture and Forest 
1996). Deforestation in the Sudan has resulted in very serious problems such as 
the reduction of land productivity, food shortage, shifting sand dunes which cover 
the fertile agricultural land, acute shortage of fuel wood and deterioration of the 
resource base.  
   
2.5 Reforestation of Rainfed Agricultural Area in Gadarif State 
According to Goda (2006), deforestation of the natural forest had its toll on large 
tracts in Sudan especially the semi-arid and savanna woodland zone. Most of 
these are under reforestation programs particularly Acacia seyal and               
Acacia senegal forests. The reforestation activities involve the following: 
1- Land preparation by cleaning and burning debris. 
2- Seeding authenticated seeds in pits or along lines by mechanical seeder at 
3×3 m spacing. Mechanical sowing saves a lot of time. 
3- Complete weeding and beating up operations in the first growing season. 
Fire lines should be cleared. 
4- Spot or strip weeding in the second year if necessary. 
5- Singling is usually done just before the following rainy season. Another 
weeding may sometimes be necessary in the second growing season. 
6- For Acacia seyal, thinning at half rotation (10 years) may be done to 
generate some income. 
7- Final felling at 20 years age. 
8- Natural regeneration should follow final felling. This should be assisted by 
protection against grazing animals. It may also be augmented by artificial 
seeding. 
 
 
 
 
 
 Chapter III 
Materials and Methods 
 
3.1 Materials 
Materials of this research include site of the research which has been selected to 
cover Elmigrih forest reserve and its surrounding which belong to Faw locality in 
Gadarif State (Appendix 2). This item is covered under the following sections.  
 
3.1.1 Location 
Gadarif State lies between latitudes 13° and 16° N, and longitude 34° and 37° E. 
It has an area of 78228 kilometers square. It shares borders with Eritrea and 
Ethiopia in the east, Kassala State in the north, Sennar and Gazera States in the 
south and Khartoum state in the west. The southern part of the state is situated in 
the eastern part of the   poor savannah belt while the northern portion lies within 
the semi-desert belt (Galal Eldin 1984). 
 
Elmigrih natural forest reserve, where this study was carried out, lies in Elfaw 
locality in Gadarif State. Elmigrih natural forest reserve covers an area of 
approximately 78489 feddans (32965.38 hectares). Khartoum – Portsudan 
highway passes through Elmigrih natural forest reserve from west side to east 
side.  
 
3.1.2 Administration Structure   
Administratively, Gadarif State is divided into localities and administrative units 
to facilitate the administration and meeting the local community needs on health, 
education and services. Gadarif State administration structure is composed of four 
localities namely Gadarif, Elgalabat, Elfashaga and Elrahad and sixteen 
administrative units. 
 In addition to this government administrative structure there are local tribe 
administrators called Nazara to look after the welfare and problems of these tribes 
in the study area. In Gadarif state there are four Nazara for Shukria, Bini Amir, 
Dabania and Bakr. The dominant tribes in Gadarif state were Shukria, Bini Amir, 
Husa, Habania and Masalit (Ministry of Finance and Economic Development 
Statistic Department, the Gadarif State 2001).  
 
3.1.3 Climate 
Gadarif State has a semi-arid zone in the north and savannas woodland towards 
the southern half. 
 
3.1.3.1 Temperature 
The temperature data obtained from Gadarif Meteorological Station gives a 
general idea about the weather of the area. Data of daily maximum temperature 
show that April is the hottest month (41.0°C) followed by May (40.6°C) and 
March (30.2°C). The mean minimum temperature data show that the area has a 
short winter season, which starts in December (18.1°C) and the temperature drops 
further in January to reach (17.2°C) (Appendix 3) (Gadarif Meteorological 
Station 2001). According to the Sudan Meteorological Authority (2000), the 
temperature in the Gadarif State ranges from 17.60°C in January to approximately 
40°C during the month of April and May (Appendix 4) (Sudan Meteorological 
Authority 2000).  
 
3.1.3.2 Rainfall 
The climate varies from hot and tropical, semi-desert in the north with an average 
annual rainfall less than 150 mm to wet monsoon in the south with an average 
annual rainfall of more than 800 mm. The rainfall is concentrated in the period 
between June and October (Appendix 5) (Gadarif Meteorological Station 2001). 
Gadarif State lies in the southern Butana clay plain. It gets between 600 and 800 
 mm of rain annually. This amount is crucial because most of the mechanized 
agricultural schemes are dry land farms. The mean annual rainfall of Gadarif 
State during 1990 and 1999 was about 600 mm. The state has a dry season for 
about eight months of the year. Planting, weeding and harvesting are all centered 
on these four to five months. The nomadic pastoralists also migrate seasonally 
according to rains onset and distribution (Appendix 6) (Sudan Meteorological 
Authority 2000). 
 
3.1.3.3 Relative-humidity 
Generally the mean relative-humidity is low, being at maximum in August with 
values of 71% and at minimum in April with value 23% (Gadarif Meteorological 
Station 2001). 
 
3.1.3.4 Clouds 
Clouds prevail almost ten months in the year. During March and June cloud 
coverage is less than 10%. During winter months (November and February), 
clouds coverage is more than 30%. In summer the average cover is about 60%, 
except (July and September), in which the coverage reaches almost 80% (Gadarif 
Meteorological Station 2001). 
 
3.1.3.5 Evapo-transpiration 
The mean annual estimates of evapo-transpiration for the period 1961 – 1990 
Elgadarif state is 214.8 Penman. 
 
3.1.3.6 Winds 
The year is dividable into two distinct climatic periods, in winter cool winds 
blow, penetrating right to the southern part of Rahad Agricultural Scheme, 
including the hills area which act as a natural wind break. In summer, the 
prevailing winds are from south-west and south-east (Indian Ocean). The region 
 in this period is subjected to three currents, south-western monsoon, south-eastern 
monsoon, and continental sub-tropical (Elsammani 1990).  
 
3.1.4 Geology   
Gadarif state lies within the south central clay plain area. The elevation of the 
undulating plains is from 550 meters to 650 meters above sea level. Flatter plains 
slope away from the Gadarif – Gallabat ridge down to 450 meters. The 
predominant formation in the southern part is a large area of tertiary basalt 
surrounded by Mesozoic sandstone or mudstones of the Gadarif formation. The 
rocks of these formations are covered by thick layers of quaternary elastic 
material which is mainly heavy clay in Gadarif region (Van et al 1976). 
 
3.1.5 Soil  
Mackinnon (1948) described the soils of Gadarif region as chocolate clays, 
reporting that the clay content of the soils increases as one heads south and east 
through Kassala State. The average ground slope is 2.5 meters per kilometer. 
There are limited areas of chocolate cracking clays formed in silt from basalt. 
These areas are found mainly around Gadarif. Areas of clay were found to contain 
quartz stone on the surface. They are widely spread and are good for cultivation. 
Rain-land clay plains crack deeply in winter and crumble during the dry season. 
During the wet season they are spongy. As a result of their high permeability, 
little water is lost to run-off. 
 
Ahmed (1989) discusses the effect of soil degradation around water points, 
stating that overgrazing around water points results in a gradual inability of 
pasture soils to support rich plant cover because the percentage of organic matter 
in the soil decreases and the soil becomes dry. Paucity of ground cover results in 
increased run-off and wind erosion. (Ibid) took samples from soils around water 
points and found that there was a decrease in silt and clay percentage in the soil, 
 an increase in the percentage of soluble salts because of a continuous addition of 
urine from large herds around the water points and a decrease of (PH) levels as a 
result of accumulation of acids from urine, and increase in organic matter because 
of incorporation of animal manure into the soil.  
 
3.1.6 Water Sources 
Galal Eldin (1984) stated that many watercourses traverse Gadarif State and that 
the two major hydrological factors are the Rahad River and the Atbra River, on 
the southwestern and northeastern boundaries of the state respectively. The major 
Khors of the state are Khor Abu Farga and Khor Magadim, which traverse 
Gadarif town. 
 
3.1.7 Land use 
There are four major types of land use in the Gadarif State. Irrigated agriculture is 
found in the southeast part at the Rahad Scheme. The northern half of the state is 
predominantly pastoral, while mechanized rain-fed agriculture dominates the 
southern half of the state. Traditional (Harig and Bilad) agriculture is scattered 
throughout the state (Galal Eldin 1984). 
 
Mackinnon (1948) described Gadarif area as vast land occupied by acacia tall 
grass forests as well as open grass plains. For the present situation of Gadarif 
State it can be generally said that very little of natural forests remain and most of 
the area is occupied by traditional and mechanized farming. Eldool (1995) stated 
that, the widespread expansion of agriculture has severely reduced traditional 
livestock pastures and passages which results in conflicts between nomads and 
settled farmers and consequently results in great pressure to the remaining forests 
(Appendix 7). 
 
 Elmigrih area is several affected by land use activities resulting in vast area 
conversion into agriculture.   
 
3.1.8 Vegetation 
Harrison and Jackson (1958), in their paper on the vegetation major ecological 
divisions in the Sudan, place Gadarif State into two sub-divisions of woodland 
savannas. Low rainfall woodland savannas, containing Acacia mellifera thorn 
land and the second is Acacia seyal – Balanites aegyptiaca they defined 
woodland savannah as any mixed type of vegetation composed of grass with 
bushes and/or trees determined by the frequency and intensity of fires. The trees 
of low rainfall woodland savannah in the drier parts are nearly all thorn trees of 
low stature. They are principally acacia species with some thorn bushes and 
shrubs, including thickets of Acacia mellifera. 
 
3.1.8.1 Acacia mellifera Thorn Land 
The dominant tree species of this area is Acacia mellifera, associated with  
Cadaba glandulosa, Cadaba rotundifolia and Boscia senegalensis. The rainfall 
ranges between 100 and 570 mm per annum. 
 
3.1.8.2 Acacia seyal – Balanites Savannah 
 Acacia mellifera thorn land passes gradually into Acacia seyal –                
Balanites savannas at about the 570 mm isohyte. Acacia seyal is distributed 
throughout usually more or less mixed with   Balanites agyptiaca. The rain fall 
ranges between 570 and 800 mm. 
 
3.1.9 Deforestation  
According to Musnad (1982), charcoal production and agricultural expansion are 
the major causes of widespread deforestation in Gadarif State. Overgrazing and 
use of wood for industry are also contributing factors. With the introduction of 
 tractors, crawler tractors and machines, large areas of land have been easily 
cleared of trees and bushes. Although the mechanized farming corporation 
recommended that farmers establish tree shelterbelts on 10% of their land, this 
recommendation is generally not followed. 
 
Acacia seyal has been found in pure, thick stands in Gadarif State. The trees are 
all about the same age and size, making them easy to cut. When burned       
Acacia seyal produces excellent charcoal. These characteristics make charcoal 
production from Acacia seyal very profitable. In fact, illicit charcoal producers 
have gone deep into forests away from main roads to cut their trees. Elmigrih area 
is also affected by charcoal makers.  
 
3.1.10 Agriculture 
In the past, due to sufficient rains and fertile soils, most of the study area was 
dense with closed forests and pastures. Pastoral nomadic was the dominant style 
of life where people lived in areas where drinking water was available. In specific 
areas, which were favorable for permanent settlement, the land was used for 
small-scale subsistence traditional rain fed agriculture. With time and due to 
civilization and increase in population, the demand for land for agriculture and 
establishment of permanent settlement was increased. This resulted in 
concomitant severe clearance of forests (UNHCR 1999). 
 
People from inside the country and from neighboring West Africa countries 
migrated to Gadarif State due to their high agriculture potentiality. It is estimated 
that over 60% of the population is engaged in agriculture in the study area. 
 
3.1.10.1 Rainfed Agriculture 
Rain fed farming occupies approximately 90% of the agricultural land in the state. 
Rain fed farming is occupied by practiced under a wide range of rainfall varying 
 from 250 mm/year in the northern parts of Gadarif State to over 800 mm/year in 
the southern parts of Gadarif State (UNHCR 1999). 
 
Two types of rain fed agriculture are practiced including, traditional and modern 
mechanized rain fed farming. The traditional rain-fed agriculture is a very 
efficient farming due to better management practices. It includes cultivation in 
Wadis beds, terracing on foot slope, run-off cultivation on slightly sloping 
pediments and slash and burn activities. Modern mechanized rain-fed farming is 
practiced on large schemes by private sector and state farms. This size of the 
farms varies between 2000 and 30,000 feddans (1 Feddan = 0.42 Hectare). The 
mechanization is applied to land preparation, sowing and harvesting. Sorghum 
and sesame are the main dominant crops grown under rain fed. Other crops grown 
include pearl millet (Dukhn) sunflower and guar (Cluster Bean).  
 
Elmigrih forest reserve is subjected to wide use for rain fed farming resulting in 
vast area of bare lands. 
 
3.1.10.2 Irrigated Agriculture 
Irrigated agriculture in the state occupies approximately 10% of the cultivable 
land. Its expansion is limited by water availability. The most important types of 
irrigated agriculture in terms of acreage, economic value and the proportion of 
people engaged in it, include  Rahad Irrigation Schemes, well-pump irrigation 
from Rahad River constitute appreciable area. The main field crops grown under 
irrigation include wheat, groundnut, cotton, sorghum and sunflower. The 
horticultural crops grown include fruits like citrus fruits, guava and variety of 
vegetables, which include onion, tomato, okra, sweet potato, leafy vegetables etc 
(UNHCR 1999). Very limited area of Elmigrih is under irrigated system.   
 
 
 3.1.11 Livestock 
The study area is famous for its animal wealth. Livestock production is an integral 
part of the different activities in the area. Sheep and goats are the dominant 
animals and they are observed in all parts of the state while camels and cattle are 
found in large numbers in the northern part of the study area. The Butana zebu, a 
small zebu and famous as a local nomadic cattle race is found in small numbers in 
the northern part while the Agro-pastoralists in the south are traditionally the 
owners of big-horned zebu cattle herds (UNHCR 1999). Originally Elmigrih area 
is characterized by traditional nomadic pastoral system. Expansion in agriculture 
reduced the range area and confined nomadic movement through narrow routes 
that pass through reserved forests of which Elmigrih is an impatient one.   
 
3.1.12 Population 
3.1.12.1 Distribution and Migration 
Only 107 out of 1000 persons in Gadarif State are foreign born. Obviously these 
are children of Sudanese who had lived abroad earlier or migrants from abroad. 
Urban population constitutes 24% and 60.9% of the population is born in the 
same state and only 31% of them are lifetime migrants. Lifetime migrants 
constitute 31.4% of urban population and 30.9% of rural population (Central 
Bureau of Statistics 1993).  
 
3.1.12.2 Educational Characteristics 
According to the Central Bureau of Statistics (1993), the literacy rate for persons 
6 years old and over is high in urban and rural areas for both sexes. 
 
3.1.12.3 Housing Condition 
Almost 74% of the households in Gadarif State live in straw huts (Gotias), 22.3% 
in houses with one floor, and 3.7% live in assorted categories of housing. The 
percentages of population who live in their own dwellings are 72.6 percent in 
 urban and 93.1 percent in rural areas. In both urban and rural areas, the major 
sources of fuel is wood, the percentage of population depending upon wood as 
fuel is 61%. 76.4% of the population depends upon kerosene for lighting, 31% of 
urban population has electricity against only 8.4% in rural areas. Only 28% of the 
population of Gadarif State has the benefit of piped water and 32% depend upon 
wells and donkeys for their water supply (Central Bureau of Statistics 1993). 
 
3.1.13 the Refugee  
The total population of refugees in Gadarif and Kassala States is 129,218 capita 
settled in 23 refugees camps and 14 of their camps are in Gadarif State and 9 in 
Kassala State (COR 1998). The refugees live in 4 types of settlements agricultural 
settlement, semi-urban, wage earning and refugees at reception centers  
(Appendix 8). 
 
Due to the severe damage of the vegetation cover caused by the large influx of 
refugees during 1967 – 1983 in the study area, the GOS and UNHCR paid 
attention to the problem and the suffering of refugees and indigenous 
communities living in the affected areas. Some mitigation measures were planned 
in order to address the environmental degradation caused by the long presence of 
refugees. Accordingly, in 1984 an afforestation project was signed between, 
UNHCR, COR and UNSO organization (implementing agency). This project 
focused on rain-fed and irrigated forest reserved, in Kassala and Gadarif State in 
an area of 4561 hectares. Implementation of the plan continued is during 1984 – 
1996. There was increasing pressure exerted on the limited natural and other 
resources and social service in and around the refugee camp and adjacent 
Sudanese villages and that resulted in impacts which were intensified through 
time.  
 
 The result was the apparent in the removal of natural vegetation and its effect on 
soil erosion which were obviously reflected in serious environmental problems. In 
1997 a subproject was implemented through tripartite agreement in which the 
UNHCR was responsible for the policy of the assistance program, COR 
represented Governmental counterpart and FNC as the implementing agency. The 
project was formulated to involve refugees and local communities to participate 
in the rehabilitation and management of the natural resources. The project 
included ten refugee camps. In 1999 the project under the theme of model trust 
fund project was a demonstration of environmental approaches formulated to 
cover three refugee camps out of ten camps (Hawata, Mafaza and   Shagarab II) 
and three Sudanese villages (Khalifa, Hemura and Shagarab Arab).  
 
The objectives of these projects were to alleviate the level of current 
environmental degradation of selected refugee camps and adjacent Sudanese 
villages, and to demonstrate appropriate techniques that could contribute to site 
regeneration for the benefit of refugees and local communities. The project 
component activities were: 
- Community participation. 
- Public awareness raising. 
- Energy saving. 
Forestry related activities involved participatory management of plantation and 
forests natural regeneration and the planting of shade and fruit trees within 
compounds and at strategic parts of the settlement/village, (Hawata Model  
Project 1997). 
 
Elmigrih forest reserve is one of the components of the project containing 
afforestation and forest rehabilitation.    
 
 
 3.2 Methods      
Methods used in this study include methods for data collection and data analysis. 
Two sources were used in data collection, they were: 
 
3.2.1 Primary Data 
Primary data were first data collected from several sources including personal 
interviews, Remote Sensing, Geographic Information System and the 
questionnaire. 
 
3.2.1.1 Personal Interviews 
Interviews were made with different employees of FNC staff about Elmigrih 
forest reserve in the past and the present for ecological and social impacts. 
 
3.2.1.2 Remote Sensing 
RS was used to obtain satellite images for Elmigrih forest reserve in different 
times such that RS gives ecological characteristics of this forest. 
 
3.2.1.3 Geographic Information System 
The GIS is used to make maps for the satellite images which are obtained from 
RS. GIS was used to identify the general features and the changes of ecological 
characteristics of Elmigrih forest reserve. 
 
3.2.1.4 Questionnaire 
A questionnaire was made to collect information about social and ecological 
impacts of Elmigrih forest reserve (Appendix 8). 
 
 
 
 3.2.2 Secondary Data 
Secondary data was another source of information which was obtained from 
previous experiences. Secondary data included reports, documents and thesis. 
 
3.2.2.1 Reports and Documents 
 Important and related FAO and FNC annual reports were used in this study. All 
documents related to Elmigrih forest reserve were obtained from Faw/FNC 
private documents. Some information was obtained from previous thesis which 
has dealt with the same subject of this study. 
 
3.2.3 Data Analysis 
Data analysis followed a group of programs which were: 
 
3.2.3.1 RS and GIS Analysis 
There are many well developed techniques for land cover change detection using 
the digital remotely sensed imagery. The nature of digital data allows greater 
comparison. 
 
Change detection analysis approaches can be broadly divided into either post 
classification change methods or pre-classification spectral. In this study the two 
approaches of change detection were applied. Firstly, before applying any of 
these methods, the images from two dates were compared visually on screen and 
spectral signatures were selected respectively. Various color band combination 
and spectral enhancement methods were applied to highlight land cover types of 
interest. The function available in ERDAS provides a possibility of this visual 
analysis. 
 
Post classification comparison is a simple way of discriminating change between 
two dates of imagery. It is common application in land cover change analysis to 
 use bi-temporal imageries of the same region of interest. After classifying two 
images by visual interpretation, two masked images have been formed. The 
capability of software ELIWIS permits the cross classification of the two images 
including the new image in which the change was depicted and thus unchanged 
pixels have been created. 
 
The output was presented within the cross tabulation matrix that explains the 
distribution of images pixels between the classes. Regarding this matrix, the      
X-axis displayed the classes of year 1987, while in the Y-axis, the same classes of 
year 2008, were presented. The pixels corresponding to stable areas appeared in 
the diagonal entries of the matrix. Off-diagonal points of the matrix indicate areas 
that have changed to another land cover classes.   
 
3.2.3.1.1 Remote Sensing Data 
Three satellite images were obtained for Elmigrih forest in different periods, the 
first one on 3/10/1987; the second one on 30/10/2000 and the third one was on 
28/10/2008. These pictures explained the nature of Elmigrih area during these 
periods. 
 
A digital image is a sampled quantized numeric representation of the scenes. In 
remote sensing, digital image processing historically stems from two principle 
application areas, the improvement of the information for human interpretations 
and the processing of image data for computer assisted interpretation. The whole 
task of digital image processing revolves around increasing spectral separation of 
the objects on the image. Accordingly, the following task has been performed on 
both images (1987 and 2008).  
 
These procedures are applied to image data in order to more effectively display or 
record the data for subsequent visual interpretation. Normally, image 
 enhancement involves techniques for increasing the visual distinction between 
features in the scene. Accordingly, the spectral enhancement has been performed 
on both images of 1987 and 2008. Throughout most of the classification and 
interpretation steps, an RGB combination has been utilized frequently. It means 
that the band composite image with band, 4 (N – IR) with green and band 7 (red) 
with blue color have been developed. 
 
After obtaining and enhancing these pictures and entering of Elmigrih forest 
coordination the results were mapped and explained in categories and features 
such as area of forest, scatter trees, agricultural land, bare land and unclassified 
including mountains, hafeers, and settlements. The histogram figure explains 
change in area over time.    
 
3.2.3.2 Questionnaire Analysis 
SPSS was the statistical program used to analyze the questionnaire results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Chapter IV  
Results and Discussions 
4.1 General 
The results of this study were obtained by two methods: 
• Remote sensing that utilized three images of the study area namely images 
of 1987; 2000 and 2008. 
• The questionnaire. 
 
4.2 Remote sensing  
The Three satellite images were obtained from global land cover facility for 
different periods covering 1987 (Figure 4.1), 2000 (Figure 4.2) and 2008 (Figure 
4.3). The satellite images figures represented reconnaissance survey over vast 
areas surrounding Elmigrih Forest Reserve in order to show visually the vast 
expansion of   agricultural land and its changes over the period 1987 to 2008. 
Agriculture occupied larger areas in the surrounding of Elmigrih forest reserve in 
2008 (Figure 4.3) than in 1987 (Figure 4.1) and 2000 (Figure 4.2).  Most of the 
agricultural land expanded east and south east of Elmigrih forest reserve.  
 
The figures (4.1, 4.2 and 4. 3) are indicative of the land use problem created as a 
result of the absence of planning and integrated approach needed in cases of dry 
lands where agricultural land dominates the systems of land use and occupies 
larger areas at the expense of forest and range resources in the surrounding of 
Elmigrih forest reserve, a example to be used in other areas. The forest reserve the 
present study used an approach to indicate the destruction made by agriculture in 
the area surrounding Elmigrih Forest Reserve, using the case of Elmigrih forest 
reserve rehabilitation process as an example for integration of land use and 
progressive development of forests inside the forest reserve. 
 
 4.2.1 Satellite Image During 1987 
Figure (4.1) shows the area of agricultural land as can visually be seen in the red 
color almost surrounding Elmigrih Forest Reserve in a large circle. 
 
Figure (4.1) Satellite image of the area surrounding Elmigrih Forest Reserve 1987 
 4.2.2 Satellite Image During 2000 
Figure (4.2) indicates that the agricultural land area (the red color) in 2000 is 
much larger than that in 1987 (Figure 4.1).  
 
Figure (4.2) Satellite image of the area surrounding Elmigrih Forest Reserve 2000 
 4.2.3 Satellite Image During 2008 
The progressive increase of agricultural land area is shown by Figure (4.3) of the 
satellite image of 2008 where the red color indicates that agriculture is advancing 
north to north east almost surrounding Elmigrih Forest Reserve. 
 
Figure (4.3) Satellite image of the area surrounding Elmigrih Forest Reserve 2008 
 4.3 Land Use Categories in Elmigrih 
Elmigrih Forest Reserve was studied in details using remote sensing and GPS 
survey which facilitated land use classification. Five land use categories were 
identified following the reconnaissance survey and presented in Table (4.1). The 
remote sensing results presented in Table (4.1) and Figure (4.4) show the trend of 
changes within each of the five categories over the period   1987 – 2008. The total 
land area under study was 35030.312 he that almost covered the area of Elmigrih 
forest reserve. The land use changes over the period 1987 – 2008 exhibit changes 
within each category such that the total land area of all categories remain as 
35030.312 he (Table 4.1).  
 
Table (4.1) Land Use Categories Area in Hectares for the Period 1987 – 2008 
category 1987 2000 2008 
Agricultural land 10730.31 5030.67 8767.35 
Forest land 4875.29 11507.39 6419.16 
Scatter trees and shrubs land 13289.06 11127.01 8510.48 
Bare land 5229.75 5671.13 8664.29 
Unclassified land 905.90 1694.11 2669.03 
Total 35030.31 35030.31 35030.31 
Source: Satellite Images of Elmigrih Forest Reserve from Global Land Cover Facility (2008). 
 
The agricultural land area in 1987 estimated at 10730.31 he decreased to 5030.67 
he in 2000 decreasing almost by 53% and at an annual  rate of 438.43 he and        
a total decrease of 5699.64 he in 13 years over the period 1987 to 2000 at a 
negative rate of 1.25% with respect to the total area. The estimated area in 2008 
was 8767.35 he with total increase of +3736.68 he. 
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Figure (4.4) Land Use Categories Area in Hectares for the Period 1987 – 2008 
 
The forest land area in 1987 was (4875.287 he). It increased to (11507.39) in year 
2000 at an annual rate of (+510.16 he) with a total increases of +6632.103 he in 
13 years (1987 – 2000) at an annual rate of 1.46% of the total land area.  
However, the forest land exhibited a decrease in area as from 2000 to 2008 at an 
annual average rate of deforestation of 636.03 he equivalent to 1.82%.  
 
The forest change in the study area followed the pattern of change in agriculture 
in inverse direction. Increase in agricultural land area was associated with a 
 decrease in forest area indicating deforestation while a decline in agricultural area 
was associated with increase in forest land indicating an increase in forest cover 
(Table 4.1). 
 
Figure (4.5) shows the trend of change in agricultural land over the period      
1987 – 2008 and Figure (4.6) shows the trend of change in forest cover over the 
period 1987 – 2008 and these two figures indicated clearly the association of 
forest cover changes with agricultural developments in the study area. 
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Figure (4.5) Trend of changes in agricultural land during 1987 – 2008 in Elmigrih 
Forest Reserve 
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Figure (4.6) Trend of change in forest land during 1987 – 2008 in Elmigrih Forest 
Reserve 
 
The area of scattered trees was progressively declining from an area of 
approximately 13.3 thousands hectares in 1987 to 11.13 thousands hectares in 
2000 to 8.5 thousands hectares in 2008. Total decrease of the area of this category 
was 4778.58 he between 1987 to 2008 in 21 years at an annual rate of 227.55 he 
per year (Figure 4.7). 
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Figure (4.7) Trend of change in the land of scattered trees and Shrubs during          
1987 – 2008 in Elmigrih Forest Reserve 
 The bare land area in 1987 was 5229.753 he increased with an annual rate of 
+33.95 hectares so that in 2000 it reached 5671.13 he with total increase of 
+441.389 he increased with an annual rate +374.15 he to reach in 2008 an area 
8664.29 he with total increase of +2993.16 he (Figure 4.8). Bare land area 
indicated increasing trends, at low rate, during 1987 – 2000 but increasing at 
higher rate during the period 2000 – 2008. This trend may indicate declining trend 
of land productivity such that more land has been abandoned and did not develop 
forest cover. 
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Figure (4.8) Trend of change in bare land during 1987 – 2008 in Elmigrih Forest 
Reserve 
 
The relationship between the trend of change of the scattered trees and that of the 
bare land is also inverse may be due to the continuous cutting of the scattered 
trees. It is clear from Table (4.1) and from Figures (4.5, 4.6, 4.7 and 4.8) that 
there was higher rate of clearance in forests and higher rate of removal of 
scattered trees during the period 2000 – 2008 than the period 1987 – 2000. There 
was increasing agricultural land and increasing bare land at the expense of forest 
 land category and scattered trees land category. That meant increasing rates of 
deforestation.  
      
The unclassified land had an area of 905.9024 he in 1987 increasing at an annual 
rate of (60.63) he reaching 1694.11 he in 2000 with total increase rate of 
+788.2076 he and continued to increase in area with an annual rate of +121.87 he 
to reach an area of 2669.03 he in 2008 with total increase rate of 974.92 he 
(Figure 4.9). The unclassified land includes various land types such as mountains, 
settlements, hafeer and nomadic routs. 
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Figure (4.9) Trend of change in unclassified land during 1987 – 2008 in Elmigrih 
Forest Reserve 
 
4.4 The Dynamic Changes Matrix 
Table (4.2) provides a matrix for land use changes within the land use categories 
in Elmigrih forest reserve during the period 1987 to 2008. The GPS point's 
description facilitated identification of the area in each category that remained 
 sustainable in the same land use categories as detected in 1987 and 2008. Of the 
4875.29 he detected in 1987 (Table 4.1) only 693.1 he remained unchanged 
(Table 4.2). That meant of the total forest land of 6419.16 he detected in 2008 an 
area of 5726.1 he has been developed into forest land during 1987 – 2008. 
 
Looking down the vertical column through the forest category, a total of 
5716.373 he were taken from other land categories and added to forest land and 
together with the 693.093 he as constant forest land (Table 4.2) from the 6419.16 
he forest land detected in 2008, (Table 4.1). That is 2547.622 he taken from 
agriculture, 693.093 he as constant forest, 2582.793 he taken from scattered trees 
and shrubs category, 585.064 he taken from bare land category and 0.894 he 
taken from the unclassified land categories.   
 
Table (4.2) dynamics of land use categories during 1987 – 2008 
                     2008 
1987                 
Agricultural 
land 
Forest Scattered trees 
& shrubs 
Bare land Unclassified
Agricultural land 3167.044 2547.622 2205.421 2456.65 333.8348 
Forest  1114.813 693.0929 1646.35 1234.295 181.6191 
Scattered trees & 
shrubs 
3311.787 2582.793 3564.884 3432.487 370.3048 
Bare land 1169.396 585.0637 1079.561 1461.969 927.5895 
Unclassified 2.9241 0.893475 4.304925 72.4527 825.0023 
 
However, 3167.044 he of agricultural land area constantly existed through the 
period 1987 to 2008. However, an area of 7543.52 he was taken from agricultural 
land and added to other categories. Part of these lands was transferred into forest 
land (2547.622 he), scattered trees and shrubs land (2205.421 he), bare land 
(2456.65 he) and unclassified land (333.8348 he). An area of 5600.306 he was 
taken from other land categories and added to agriculture. Of these lands, 
 1114.813 he were taken from forest land, 3311.787 he from scattered trees and 
shrubs, 1169.396 he from bare land and only 2.94 he taken from unclassified 
categories (Table 4.1). These land taken from these categories together with the 
3167.044 he as constant agricultural land detected in image 2008 (Table 4.2). The 
same procedure can be followed to provide interpretation of the dynamic changes 
of categories to be related to the addition of land to scattered trees from other 
categories and transfer of land from scattered trees and shrubs to other categories. 
This can be continued also for the bare land and the unclassified land categories.    
 
4.5 The Plantation  
The rehabilitation plan of Elmigrih Forest Reserve commenced in 1994 and 
continued annually up to 2008. Figure (4.10) shows the trend of annual 
reforestation area ranging from 840 he in 1994 to 210 he in 2008, and presented 
in Figure (4.11) showing annual planting area in Elmigrih Forest Reserve        
1987 – 2008. 
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Figure (4.10) Trend of annual planting area in Elmigreh Forest Reserve            
1987 – 2008   
 However, the total area (9576 he) of forest plantation taken from records of 
annual plantation during 1987 – 2008 is not compatible with the forest area 
(6419.16 he) detected by remote sensing in 2008. There was a difference of 
3156.8 hectare, representing forest loss of approximately 33%. 
 
Forest inventory conducted in 2008 using GPS points recorded that 75 points out 
of 250 locations were located in gaps representing bare lands inside the plantation 
area. Based on the assumption that the percentage of sample points that fall on 
bare land is equivalent to the percentage of area of bare land to the total forest 
area, the GPS sample points confirm that the total area lost from forest plantation 
area was equivalent to 33% [(9576 – 6419.16) ÷ 9576] x 100; equal 32.9%. 
 
Satellite image provides the exact forest cover while forest record from plantation 
gives misleading values unless monitored by inventory. In the present study, the 
inventory results that provided an estimate of forest cover area and gaps area 
percent was compatible with the remote sensing results of forest cover.   
 
 
 
 
 
 
 
 
 
 
  
Figure (4.11) Map of the Elmigrih Forest Reserve annual plantation 1994 – 2008  
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 4.6 Geographic Information System (GIS) 
The GIS was used to enhance the satellite images and develop maps for Elmigrih 
Forest Reserve for 1987, 2000 and 2008 and the area surrounding it in order to 
detect cover changes. The three maps (Figures 4.12, 4.13 and 4.14) were visually 
inspected in order to observe the trends of land use categories changes over time. 
The land use categories changes follow the same trends indicated by (Table 4.1 
and Figures 4.5 – 4.9). 
 
4.6.1 Elmigrih Forest Map for Year 1987 
 
Figure 4.12 Elmigrih Forest Cover 1987 
 4.6.2 Elmigrih Forest Map for Year 2000 
Figure (4.13) of 2000 shows that the agricultural land area decreased while the 
forest land area increased as compared with those of Figure (4.12) of 1987 and 
seen in Figure (4.5 and 4.6) respectively. Also, the area of scattered trees and 
shrubs category decreased while the area of the bare land area increased as seen in 
Figures (4.7. and 4.8) respectively. 
 
Figure (4.13) Elmigrih Forest Cover 2000 
 4.6.3 Elmigrih Forest Map for Year 2008 
Observation of Figure 4.14 indicated that the agricultural land area increased 
while the forest land area decreased as indicated by Figures (4.5 and 4.6).  Also, 
area of scattered trees and shrubs continued to decrease while the bare land area 
continued to increase as in the case of Figures (4.7 and 4.8).  
 
Figure (4.14) Elmigrih Forest Cover 2008 
 4.7 Questionnaire 
The questionnaire design provided some means for detecting ecological and 
social impacts of Elmigrih forest reserve. The questionnaire consisted of 25 
questions, 22 of them were very important to the study because they were related 
to the assessment of the ecological changes in the study area. The questionnaire 
was analyzed by SPSS program and the obtained results are shown in the 
preceding sections: 
 
4.7.1. Population Distribution 
Table (4.3) shows the population distribution in Gadarif State indicating that the 
rural population constituted 65.3%. Table 4.3 indicates that the number of males 
is slightly greater than females in 1993. 
 
Table (4.3) Population Characteristics of Gadarif State 
Characteristics Gedaref 
Rural (%) 65.3 
Urban (%) 24.9 
Nomadic (%) 9.8 
Number of households 169312 
Number of male 504422 
Number of female 478746 
Source: Central Bureau of Statistics (1993). 
 
4.7.1.1 Ages 
The age distribution of people in the study was concentrated between 35 – 50 
years. The younger age groups were always involved in pastoral activities and 
usually based on nomadic movement as stated by the elders in the group 
discussions. Agriculture was practiced by age group 35 – 50 who were staying in 
 villages. Pastoral activity was practiced by the age group younger than 35 years. 
These results were obtained from the group discussions at villages.  
 
4.7.2 Professions 
The professions practiced by people in the study area were agriculture and animal 
rearing. Work experience of people under study varies from field to another. 
Generally, agricultural practice began in 10 – 15 years, while pastoral practice 
began in the beginning of the twentieth century. It is recently that people started 
to settle in villages inside and around Elmigrih forest. These statements were 
concluded from the group discussion.  
 
4.7.3 Education Levels 
Table (4.4) shows that 82% of people under study were illiterate; 18% of them 
were basic education level and none of the respondents were at secondary and 
universities levels. 
 
Table (4.4) Respondents Distribution in Relation to Education  
Education levels Number of Persons Percentage (%) 
Illiterate 41 82 
Basic education 9 18 
Secondary 0 0 
Universities 0 0 
 
4.7.4 Family Status 
Table (4.5) a shows the family status in the study area. Almost 96% of people 
under study were married and 2% of them were divorced, 2% of them were 
widowed and none of respondents were unmarried except children. People in the 
area of study have the culture of getting married at early ages. Those who may be 
unmarried were not in the villages at the time the questionnaire was conducted. 
 They were with the livestock. It was logical that all respondent are married, 
because they are all above 35 years of age.  
 
Table (4.5) Family Members in the Study Area  
Maternal status Number of Persons Percentage (%) 
Single 0 0 
Married 48 96 
Widowes 1 2 
Divorced 1 2 
 
4.7.5 Family Size 
Table (4.6) indicates that family size was large because of extended families. 
Family size ranged from 5 – 18 persons. Table (4.6) shows that, 32% of people 
under study has 1 – 3 children resulting in 5 members, 28% of them has 3 – 6 
children resulting in 5 – 8 members, 22% of them has 6 – 9 children resulting in 8 
– 11 members, 12% of them has 9 – 12 children resulting in 11 – 14 members, 
6% of them has more than 12 children resulting in more than 14 members. Under 
severe poverty conditions, large family size may lead to many social and 
environment problems in relation to needs and consumption of forest products. 
 
Table (4.6) Family Size in the Study Area 
Number of children Number of Persons Percentage (%) 
1 – 3  16 32 
3 – 6  14 28 
6 – 9  11 22 
9 – 12  6 12 
More than 12 3 6 
 
 
 4.7.6 Kind of Used Fuel 
Table (4.7) shows that the majority of people in the study area depended on wood 
for energy. Almost 70% of people under study used fuel wood and 16% used fuel 
wood and charcoal and 4% used charcoal only. The concluded result was that 
90% of people are depending on wood for energy. Only 10% of the people used 
gas and 4% used agricultural resides. 
 
The high percentage of people depending on wood energy in a dry land area 
characterized by poor forest stock may indicate the pressure on the forest. 
According to the group discussion, people were selected trees to satisfy their 
needs and their hope of gas creation in the area.   
 
Table (4.7) Types of Fuel Used in the Area    
Kind of used fuel Number of Persons Percentage (%) 
fuel wood 35 70 
Charcoal 2 4 
Gas 5 10 
fuel wood + charcoal 8 16 
 
4.7.7 Forest Products 
People in the study area know that the forest provides them with wood and non-
wood products. Although 46% of people under study emphasized that the forest is 
not productive (Table 4.8), 54% have the perception that the forest provide useful 
product, of them 28% emphasized that the forest produces fuel woods and 18% 
emphasized that the forest produces multiple products including fruits, fibers and 
fodder and 8% of them emphasized that the forest produces charcoal. 
 
The 46% of the people who see the forest as non-productive may not be 
connected to the forest.  
 Table (4.8) Types of Forest Products Known to the People 
Forest products Number of Persons Percentage (%) 
Fuel wood 14 28 
Charcoal 4 8 
Fruits, fibers and fodder 9 18 
Are not having use  23 46 
 
4.7.8 Benefits of Forest 
Table (4.9) shows the people understanding of the uses and benefits of the forest. 
The majority (94%) stated that the forest has benefits. Of those who saw the 
benefits of forest, 48% of people under study said the benefit of the forest were 
grazing, 26% said the benefit was fuel woods, 12% said the benefit was 
recreation, 8% said the benefits were firewood and grazing. Only 6% of the 
respondents said that there were no benefits. There was in fact no contradictions 
between Table (4.8) that 46% stated that they did not have any benefit but and 
that does not indicate that the forests not useful. Only 6% in Table (4.9) indicated 
that the forest was of no use.  
 
Table (4.9) Forest Benefits 
Benefits of forest Number of Persons Percentage (%) 
Fuel wood 13 26 
Grazing 24 48 
Fuel wood + grazing 4 8 
Recreation 6 12 
Non-useful 3 6 
 
4.7.9 People Activities in the Forest 
54% of people in the study participated in forest management by having their 
activities in protection of the forest. 46% of the people have their activities such 
as cutting trees. 
 4.7.10 Ways of Getting Forest Products 
People are not allowed to enter the forest for products harvesting but they enter 
illegally to obtain their needs such that 90% of people under study were getting 
forest products by illegal ways and only 10% of them were getting forest products 
by legal ways. This may indicate the negative impact of illegal entry on the forest 
conditions and show that the forest contain large gaps equivalent to 33% of the 
area of recorded forest plantation. Yet some of those who enter illegally to cut 
trees are having perception that they can participate in forest protection. That 
meant extension and awareness raising may help in reducing illegal felling and 
increase protection.  
   
4.7.11 Kind of Desirable Forest Trees 
In a general statement people prefer certain types of tree species and they know 
that these species are available in the forest. Of all respondents 44% in the study 
area preferred all indigenous species in the area and 36% wanted Kitir trees, that 
may be because Kitir was the most abundant naturally and was useful for grazing. 
On the other hand few people (10%) wanted Taleh and Hashap trees, 4% wanted 
Taleh and Kitir trees, 4% wanted Taleh trees and 2% wanted Hashap trees (Table 
4.10). It meant that Kitir, Taleh and Hashap were the most preferred indigenous 
species for wood, grazing, gum and fruits (Table 4.9 and Table 4.10). 
 
Table (4.10) Preferred Types of Tree Species 
Kind of desirable forest 
trees 
Number of Persons Percentage (%) 
Kittir 18 36 
Taleh 2 4 
Hashap 1 2 
Taleh+Hashap 5 10 
Taleh+Kittir 2 4 
All species 22 44 
 4.7.12 Agriculture  
The majority of people were dependent on agriculture and animal rearing as 
indicated by the group discussion. They practiced agriculture on variable land 
area ranging between small holdings to large mechanized farming. 
 
All the people interviewed much whom they did not practice shifting cultivation.   
People were cultivating land until it existed. There was no practice of shifting 
cultivation as mentioned by 100% of people. 
 
4.7.12.1 Trend of Agricultural Production through Last 5 Years 
Because of the erosion of land and continuous cultivation, the land productivity 
declined as mentioned by 74% of people under study (Table 4.11). These 
respondents mentioned that their agricultural production decreased every year. 
However, 16% of them mentioned that their agricultural production was variable 
and only 10% of them   said that their agricultural production increased every 
year. 
 
Table (4.11) Trend of Agricultural Productivity 
Production through last 5 years Number of Persons Percentage (%) 
Increase 5 10 
Decrease 37 74 
Vibrant 8 16 
 
4.7.12.2 Agricultural Land Distance from Village 
Table (4.12) a shows the distance of agricultural land from village. 62% of people 
in the study agricultural land far approximately more than one kilo meters, 22% 
of people in the study said, approximately one kilo meters and 16% of them their 
agricultural land far approximately less than one kilo meters from the village. 
These agricultural areas inside of Elmigrih forest reserve, may be adverse 
 practices used with the trees such as cutting for expanding agricultural land, 
because of reducing soil productivity and the use of the wood, should be done 
carefully to protect the program in that area such as Agro-forest practice for 
satisfying settlement needs for foods, fodders and protection of the forest 
covering.  
 
Table (4.12) Distance of Agricultural land from Village 
Distance of Agricultural land  Number of Persons Percentage (%) 
Less than one kilo meter 8 16 
One kilo meter  11 22 
More than one kilo meter 31 62 
 
4.7.13 Conflicts 
Migrih area is inhabited by more than three tribes and visited by other tribes of 
nomads, as emphasized by 100% of people in the study area who said that there 
were more than three tribes living in Elmigrih area. In dry lands, tribes may enter 
into conflicts in relation to land use.  
 
4.7.14 Types of Conflicts between Tribes 
Table (4.13) indicates that conflicts were sometimes between people for 
agricultural land as mentioned by 6% while the majority of people perceived that 
there was no conflict as mentioned by 94%. According to the people perception 
the conflict was limited within agricultural lands and that may a rise between 
farmers and nomads. There was no conflict between the nomads because they are 
separated in the time they pass through the forest.   
 
 
 
 
  
Table (4.13) Conflict in Land Use 
Types of conflicts between tribes Number of Persons Percentage (%) 
Tribal 0 0 
Agricultural land 3 6 
Range land 0 0 
No conflicts 47 94 
 
4.7.15 Participation of Women in Decision Making 
100% of people under study said woman do not participate in decision making. 
They said that because women are concerned with limited role in those 
communities. 
 
4.7.16 Communities and Forest Authorities Relationship 
Table (4.14) shows that 88% of people under study confirmed that there were no 
services provided by forest administration and 8% said that the forest authorities 
provided services like advice and guidance, 4% said they obtained support from 
forests administration. There was not any one person who emphasized that public 
services were provided by forest administration. Table (4.14) indicates their need 
for different services such as extension services to raise people awareness about 
the forest. 
 
Table (4.14) Type of Services Provided by Forest Authorities 
Services offered by forest Number of Persons Percentage (%) 
Advise and guidance 9 8 
Credence  2 4 
public services 0 0 
no services 44 88 
 
 
 4.8 Discussions 
The results provided very clear picture on the forest cover changes at Elmigrih 
Forest Reserve and the surrounding area. The questionnaire on the other hand 
supported the remote sensing results.  
 
4.8.1 Remote sensing discussion 
The three satellite image for Elmigrih Forest Reserve and its surrounding were 
taken at three different years (1987, 2000 and 2008) taken at very close times 
namely on 3/10/1987, 30/10/2000 and 28/10/2008.  
 
It is becoming very clear that deforestation and forest cover changes are 
associated with agricultural development. According to Musnad (1982) charcoal 
production and agricultural expansion are the major causes of widespread 
deforestation in Gadarif State. Their dynamic changes, as Table (4.1) shows, can 
not be separated. Understanding of these aspects of relationships between 
categories of resource use provides the basis for proper planning and sustainable 
management avoiding, forest and land resources degradation and accordingly 
control desertification. According to Sudan Forest Dept. Annual Report (1951/52 
– 1969/70)Various measures of natural resources conservation and natural forest 
protection were then proposed and reflected in the national plans of forest 
reservation. Continuous expansion of agriculture at the expense of forests under 
drylands conditions leads to various impacts on the environment. 
 
 The importance of remote sensing technology is that it provides efficient and 
accurate means of monitoring and evaluation provided that ground survey is 
associated with the activities. The combination of remote sensing and ground 
survey in the case of Elmigrih Forest Reserve is in the accuracy of checking the 
records on the plantation areas given over successive years. The accurate results 
of remote sensing show that the recorded plantation area and the actual ones are 
 different. Ground measurements confirmed the accuracy of remote sensing 
results. According to Osmaston (1968) Good forest management depends on the 
quantity and quality of information available on the forest and all the contents. 
Such information is obtained from efficient and effective forest inventories. 
 
An important aspect is that forest reservation and protection under the forest law 
provides the approach towards sustainable management. That is concluded from 
the results that while the forest area of Elmigrih Forest Reserve is in an increasing 
trend the forest area of the surrounding is declining. The partnership between the 
Forests National Corporation (FNC) and the UNHCR could only be implemented 
inside forest reserve because the land and the established forests are under the 
control and management of the Forests National Corporation. Plantation 
establishment continued annually based on seedlings provided by the FNC in 
collaboration with the UNHCR with the refugees as labor. 
 
4.8.2 The Role of Communities 
The communities living inside and around Elmigrih Forest Reserve need the land 
for cultivation and the natural resource for wood and fodder. The results indicated 
that people live inside and in the surroundings of the forest because their needs 
are satisfied from this environment. However, the forest authorities did not utilize 
the human resources represented by the villagers although use was successfully 
made of the human resources represented by the refugees. The forest was under 
continuous development during the partnership relationship between the FNC and 
the UNHCR using the refugees as labor force. 
 
In spite of the development of Elmigrih Forest Reserve based on the refugees 
community the forest was to a limited extent degraded by the village community. 
According to Elsiddig et al (1998) rural people living around those forests are 
 exerting unbearable pressure on these forests in spite of guarding and patrolling 
practices. The results indicated that the villagers were willing to collaborate with 
the forest authorities for the development of the forest. That means some means 
are needed to have the village communities involved in a collaborative approach 
such that their needs are satisfied while the forest is developed.  
 
The need of the community is for agricultural land, fodder, forest products and 
shelter. The most practiced careers in the area are agriculture and grazing by 
settled and nomadic communities. People also rely on the forest for wood energy 
where almost 70% use fire wood for cooking. 
 
Planning is accordingly needed to allocated lands for proper use that can facilitate 
forest development and community needs satisfaction based on people 
participation. According to Elsiddig and Magid (2003) participation of rural 
communities is considered in the afforestation programs either inside community 
forest reserves or inside government forest reserves. This will increase the 
opportunities for forest protection, food security, conflict resolution and provide 
suitable approach for environmental protection. To have successful functions in 
the collaboration between the formal authorities and the communities, education 
and awareness are important in order to reduce the illiteracy within the 
communities. The majority of the people (88%) confirmed that the FNC provided 
no services of extension and awareness campaigns. 
 
The geographic location of Elmigrih Forest Reserve is that it is in the eastern side 
of Elrahad irrigated scheme. From this point it represents a part of the protection 
belt and a source for provision of the requirements of the farmers and laborers. 
Based on this, the management of the forest on sustainable basis is an important 
requirement from an economic, social and environmental perspective. 
 
 Chapter V 
Conclusions and Recommendations 
  
5.1 Conclusions 
Elmigrih forest is one of Sudanese forests reserves that may have effective role in 
ecological stability through combating desertification, sand stabilization and 
biodiversity conservation. The forest plays an important environmental role 
through carbon storage and agricultural environment protection.  
 
 Elmigrih Forest Reserve is a source of provision of community needs such as 
wood, fodder, food and shelter hence playing significant role in social life through 
poverty alleviation, energy provision and pasture for livestock. A substantial 
population of farmers, sedentary and nomadic pastoralist and wood merchants 
were connected to the forest and its surroundings. For these, sustainable 
management of the forest means livelihood support.  
 
The forest received an effective concern from the FNC and the UNHCR that 
facilitated its development but did not develop in a sustainable approach. 
 
Remote sensing work indicated that the forest cover in Elmigrih Forest Reserve, 
though improving, is not well protected as a result of misuse of the forest 
resources. The surroundings of the forest on the other hand is deforested and 
much of the land is either under agriculture or bare land. 
 
The population of villagers is increasing and most are settled inside or around the 
forest. Their majority depend on agriculture and animal rearing. 
 
 
 5.2 Recommendations 
Some recommendations are presented in order to contribute to mitigation of 
ecological and social impacts of the mismanagement of Elmigrih Forest Reserve. 
 
• The case of mismanagement of Elmigrih Forest Reserve was recommended 
to be approach by preparation of a management plan prescribed to improve 
the annual planting area and regulate felling programs to bring the forest 
state into a sustainable system.  
• The management plan is recommended to accommodate participatory 
strategy to have the community involvement in the management and 
arrange for provision of their needs. 
• It is recommended that the management system contains a strategy for 
increasing tree cover in the area surrounding Elmigrih Forest Reserve 
based on community participation and including establishment community 
forests reserves at village level. 
• It is recommended that monitoring and evaluation system should be 
developed in order to continuously assess the state of the forests using 
ground survey and remote sensing system.   
• Introduce people-oriented area development system based on village 
development using solar energy electricity installations, establishment of 
schools, and establishment of health units and drilling of water points.  
•  Development of extension centers to raise the community awareness about 
forestry development based on wise use of trees, forests and forest products 
such as using improved cooking stoves development of non-timber forest 
products and community-based forest management. 
• Build an administrative body from settlement to control the adverse 
impacts such as overgrazing and overcutting. 
 • Develop local policies for land use around the villages to help in better land 
use and selection of suitable varieties of crops and trees. 
• Introduce and adopt Agro-forestry system in agricultural land around the 
villages to enhance better production and combat desertification. 
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 Appendices 
 
Appendix 1: Sudan Forest Status in relation to Africa and World (2005) 
region Land area 
(ha)        
in (000) 
forest area 
(ha)         
in (000) 
% Per 
capita 
(ha) 
Plantati
on (ha)    
in (000) 
Annual 
change 
(ha)        
in (000) 
Rate of 
Annual 
change 
% 
World total 13063900 3869455 29.6 0.6 186733 -9391 -0.2 
Africa 2978394 649866 21.8 0.8 8036 5262 +0.8 
Sudan 237600 61627 25.9 2.1 641 909 -1.4 
Source: FAO, 2005: Forest Resource Assessment – State of the World Forest. FAO. 
  
 
  Appendix 2: Gadarif State   
 
Source: Website of Googel / Maps.   
 Appendix 3: Average Max/Min Temperature During 1997 – 2000  
Month Temperature 
Max Min 
Jan 34.7 17.2 
Feb 36.4 18.3 
March 39.2 21.6 
April 41.0 23.8 
May 40.6 25.2 
June 37.5 23.4 
July 33.4 21.6 
August 32.2 21.2 
September 34.1 21.4 
October 36.8 22.1 
November 37.1 21.0 
December 35.2 18.1 
Mean 36.5 21.2 
Source: Gadarif Meteorological Station (2001). 
 
 
Appendix 4: Temperature Data for Gadarif State (1997 – 2000) 
Year Mean Temperature (°C) 
1990 27.7 
1991 28.7 
1992 28.9 
1993 28.9 
1994 29.2 
1995 28.8 
1996 29.2 
1997 29.2 
1998 29.5 
1999 28.5 
Source: Sudan Meteorological Authority (2000). 
 Appendix 5: Average Annual Rainfall/mm During 1997 – 2000  
Month Rainfall (mm) 
March 0.5 
April 3.4 
May 21.2 
June 95.9 
July 183.4 
August 184.4 
September 85.5 
October 31.4 
November 3.0 
Total 608.7 
Source: Gadarif Meteorological Station (2001). 
 
 
Appendix 6: Annual Total Rainfall in Gadarif State (1997 – 2000) 
Year Rainfall (mm) 
1990 471.9 
1991 418.8 
1992 577.1 
1993 777.3 
1994 638.4 
1995  530.0 
1996 552.0 
1997 589.8 
1998 601.3 
1999 863.6 
Source: Sudan Meteorological Authority (2000). 
 
 
Appendix 7: Land Use Change (1941 – 1991) 
Land use Area in 1941 Area in 1991 
Km² Million fed % Km² Million fed % 
Farm lands 3.150 0.75  8.75 26.000 6.2 72.1 
Forest / Woodland 28.250 6.75 78.5 6.700 1.55 18.0 
Kerrib 1.300 0.30 3.6 1.300 0.30 3.6 
Ljebes, Khors, Rivers 3.300 0.80 9.15 2.000 0.55 6.3 
Total 36.000 8.6 100 36.000 8.6 100 
Source: Eldool (1995). 
 Appendix 8: Settlement of Refugees in Camps 
State Type of Settlement Refugee Camp No. of Refugees 
Gadarif Agriculture Um Rakuba 5035 
Karkora 5466 
Um Gargour 3643 
Um Sagata 3249 
Salmin 2731 
Um Burush 1559 
Adengrar 664 
Elmafaza 2417 
Elhawata 2750 
Abu Rakham 2508 
Tenedba 1950 
Wad Awad 960 
Kassala  Agriculture Abuda 4147 
Um Ali 2903 
Sub-Total 40182 
Gadarif Semi-urban Tawawa 3117 
Um Gulja 2442 
Sub-Total 6,559 
Kassala Wage Earning Kashm Elgirda 9237 
Wad Elheliew 8171 
Kilo 26 8429 
Sub-Total 25837 
Kassala Reception Centre Wad Sharifi 33988 
Shagarab I 10305 
Shagarab II 5956 
Shagarab III 6591 
Sub-Total 56840 
Total 129218 
Source: COR (1998). 
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